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(54) Polynner electrolyte fuel cell 

(57) End plates of a fuel cell are conventionally 
made by cutting metal plates. Therefore, they have 
problems in that it is difficult to reduce their cost, and 
they are inconveniently heavy, and they are likely to be 
corroded by supplied gases and cooling water since 
they contact such gases and water at inside surfaces of 
manifold holes of the metal end plates. 

According to the present invention, the end plates 
are made of a resin-dominant material, more preferably 
by injection-molding such material, so that it becomes 
possible to reduce the cost and weight of the end plates, 
and the corrosion resistance can be greatly improved 
by insert-molding the current collecting plates in such a 
manner that the end plate material extends into a man- 
ifold hole of each current collecting plate. 



FIG. 2 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to a polymer 
electrolyte fuel cell to be used for a portable power 
source, an electric vehicle, a cogeneration system, and 
so on. 

[0002] It is a fundamental principle, on which a poly- 
mer electrolyte fuel cell is based, that a fuel gas supplied 
to the anode side of an electrolyte membrane-electrode 
assembly (MEA hereafter) electrochemically reacts with 
an oxidant gas supplied to the cathode side of the MEA 
through the electrolyte membrane so as to produce wa- 
ter, whereby an electric energy and a thermal energy 
are simultaneously generated, the electric energy being 
used depending on uses and needs. 
[0003] A representative structure of such fuel cell is 
shown in FIG. 1 , wherein a lower half thereof is a front 
view and an upper half is mainly a cross-sectional view. 
[0004] Referring to FIG. 1, MEA 10 comprises a pol- 
ymer electrolyte membrane 11 and two electrodes, i.e. 
cathode 12 and anode 13, sandwiching the membrane 
11 . At outer peripheries of the cathode and the anode, 
gaskets 14 and 15 are respectively arranged so as to 
prevent the supplied fuel gas and oxidant gas from leak- 
ing to outside and from mixing with each other. 
[0005] A basic unit of a fuel cell, namely unit cell, is 
such a structure that an MEA is sandwiched by an anode 
side separator plate having a gas flow channel to supply 
and exhaust the fuel gas to and from the anode, and by 
a cathode side separator plate having a gas flow chan- 
nel to supply and exhaust the oxidant gas to and from 
the cathode. 

[0006] A stacked fuel cell is one made by stacking 
several tens to several hundreds of such unit cells pro- 
vided with a cooling unit for every 2 to 3 unit cells, which 
is called cell stack. In FIG. 1. four kinds of separator 
plates are used, and only four unit cells are schemati- 
cally shown for simplifying the drawing. A cathode side 
separator plate 22 placed at the leftmost end of the cell 
stack 16 has an oxidant gas flow channel 32, while an 
anode side separator plate 21 placed at the rightmost 
end of the cell stack 16 has a fuel gas flow channel 31 . 
Each of separator plates 20 placed among MEAs has 
an oxidant gas flow channel 34 on a surface thereof fac- 
ing the cathode, and also has a fuel gas flow channel 
33 on a surface thereof facing the anode, so that each 
separator plate 20 functions both as a cathode side sep- 
arator plate and an anode side separator plate. A cool- 
ing unit comprises a composite separator plate made by 
combining an anode side separator plate 23 and a cath- 
ode side separator plate 24. The cathode side separator 
plate 24 has an oxidant gas flow channel 36 on a surface 
thereof facing the cathode, and also has a cooling water 
flow channel 38 on an opposite surface thereof. The an- 
ode side separator plate 23 has a fuel gas flow channel 
on a surface thereof facing the anode, and also has a 



cooling water flow channel 37 on an opposite surface 
thereof. By joining the separator plates 23 and 24 in a 
manner that the cooling water flow channels thereof 
face each other, one composite cooling water flow chan- 

5 nel is formed by the flow channels 37 and 38. 

[0007] On each of the both ends of the cell stack 1 6, 
a current collecting plate 6, an insulating plate and an 
end plate are stacked in this order. They are tightened 
by bolts 70 penetrating therethrough and nuts 71, and 

10 are supplied with a tightening pressure by use of wash- 
ers 73. 

[0008] In this stacked fuel cell, the end plates, the in- 
sulating plates, the current collecting plates and the 
MEAs have common inlet side manifold holes and com- 

15 mon outlet side manifold holes. The reactive gases and 
the cooling water are supplied to the respective separa- 
tor plates through the inlet side manifold holes, and are 
exhausted through the outlet side manifold holes. With 
reference to FIG. 1 , an inlet side manifold hole 18a for 

20 oxidant gas In the cell stack 16 Is shown. FIG. 1 also 
shows a manifold hole la provided at one end plate 4, 
and an inlet pipe 2a having an end thereof welded to an 
edge of the manifold hole 1a. The oxidant gas intro- 
duced from the pipe 2a flows through the manifold holes 

25 provided at the insulating plate, the current collecting 
plate and the inlet side manifold hole 1 8a of the cell stack 
16, and flows into the oxidant gas flow channels of the 
respective cathode side separator plates for reaction, 
wherein an excessive oxidant gas and products pro- 

30 duced by the reaction are exhausted out of an oxidant 
gas outlet pipe 2b provided at the other end plate 
through outlet side manifold holes. Similarly, the fuel gas 
Is Introduced into an Introduction pipe 3a welded to one 
end plate 4, and flows through fuel gas inlet side mani- 

35 fold holes, fuel gas flow channels of the separators and 
outlet side manifold holes, and is then exhausted out of 
a fuel gas outlet pipe 3b. 

[0009] Each current collecting plate 6 Is a metal plate 
for collecting the electric power from the serially stacked 

40 cell stack and for connecting the same to the outside. 
Usually, the current collecting plate Is made of stainless 
steel, cupper, brass or the like, and is often provided 
with a coating such as plated gold for the purpose of 
decreasing the contact resistance and increasing the 

45 corrosion resistance. Each Insulating plate 5 Is a resin 
plate for electrically Insulating the end plate 4 and the 
current collecting plate 6. Each of the end plates 4 is a 
tightening plate for evenly applying a tightening pres- 
sure to the cell stack, and Is usually made of a machined 

50 stainless steel, wherein pipes for introducing and ex- 
hausting the reactive gases and the cooling water are 
welded to the end plates. Further, for securing sealing 
among above described elements, they usually have 
grooves for receiving 0-rlngs at peripheral portions 

55 around the manifold holes, whereby the O-rings placed 
in the grooves function the sealing. In FIG. 1, O-rings 
8a, 8b and 28 and those without reference numerals are 
shown. 
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[0010] According to conventional fuel cells, usually a 
tightening pressure of about 1 0.0 to 20.0 kgf/cm2 is used 
for tightening the cell stack in order to decrease the con- 
tact resistance among the electrolyte membranes, elec- 
trodes and separators and to secure the gas sealing 
properties of the gaskets. Therefore, the end plates are 
generally made of metal materials having high mechan- 
ical strengths, wherein the cell stack is tightened by ap- 
plying a tightening pressure to the end plates at both 
ends thereof, using a combination of tightening bolts 
and springs or washers. Further, since the supplied hu- 
midified gases and the cooling water touch portions of 
the end plates, usually stainless steel materials, which 
have high corrosion resistances, are selected from 
among metal materials and used for the end plates in 
order to avoid corrosions by such gases and water. The 
current collecting plates are usually made of metal ma- 
terials having higher electric conductivities than those 
of carbon materials, and are in some cases subjected 
to surface treatment for lowering contact resistances. 
Furthermore, the end plates at the both ends of the cell 
stack are electrically connected to each other by the 
tightening bolts, the insulating plates having electrically 
insulating properties are each inserted between the cur- 
rent collecting plate and the end plate for securing insu- 
lation between them. 

[0011] The separator plates to be used for such pol- 
ymer electrolyte fuel cell need to have high electric con- 
ductivity, high gas tightness to the reactive gases, and 
high corrosion resistance to the reaction during oxidiza- 
tion and reduction of hydrogen and oxygen, namely high 
acid resistance. For these reasons, conventional sepa- 
rator plates in some cases are made of carbon plates 
having high gas-Impermeabilities, with gas flow chan- 
nels being made by cutting the surfaces of the carbon 
plates, or in other cases are each made by pressing a 
mixture of a graphite powder and a binder with a press- 
ing mold having a configuration for forming gas flow 
channels, and by firing the same. 
[0012] Recently, metal plates such as stainless steel 
are attempted to be used for the separator plates in 
place of the conventionally used carbon materials. The 
separator plates using metal plates are likely to get cor- 
roded or dissolved during a long period use, because 
the metal plates are exposed to acid atmosphere at high 
temperatures. When the metal plate gets corroded, the 
electric resistance of the corroded portions increases, 
so that the cell output decreases. Further, when the met- 
al plate gets dissolved, the dissolved metal ions are dif- 
fused to the polymer electrolyte and are trapped by ion 
exchange sites of the polymer electrolyte, whereby con- 
sequently the ionic conductivity of the polymer electro- 
lyte per se decreases. It is an ordinary way, therefore, 
to plate gold to have some thickness on the surface of 
the metal plate for the purpose of avoiding above de- 
scribed deterioration of ionic conductivity. 
[001 3] As described above, stainless steel plates are 
usually used for the end plates from the viewpoint of me- 



chanical strength. However, in such case, a relatively 
thick stainless steel material of about 15 mm or thicker 
needs to be used therefor, because relatively high tight- 
ening pressure needs to be applied to the cell stack, 
5 thereby to cause a heavy weight of the resultant fuel cell. 
[0014] Further, since a thick stainless steel cannot be 
processed by inexpensive molding processes such as 
die casting and sheet metal processing, cutting work is 
needed for the end plates. For starting the power gen- 
eration of a fuel cell, it is usually necessary to firstly in- 
crease the temperature of the fuel cell to a given cell 
temperature. However, when metal plates such as stain- 
less steel are used for the end plates, a problem arises 
in that it takes a longer time to start the power genera- 
tion, because metal materials have higher thermal ca- 
pacities than those of e.g. resin materials. Furthermore, 
metal materials are likely to quickly radiate heat. There- 
fore, when end plates are made of metal plates, it is nec- 
essary to provide sufficient heat insulating materials 
thereto for preventing heat radiation. 
[001 5] In addition, the end plates need to be provided 
with supply inlets and exhaustion outlets for gases and 
cooling water. For such purpose, it is necessary accord- 
ing to conventional way either to weld a tube-shaped 
stainless steel material is to the end plate, or to provide 
the end plate with a part receiving means such as a 
screw hole and fittedly join a piping part to the part re- 
ceiving means. Furthermore, Insulating plates are indis- 
pensable for the conventional end plates made of elec- 
trically conductive materials. Besides, in order to stack 
a combination of a current collecting plate, an insulating 
plate and an end plate which are made of different ma- 
terials, it is necessary to use sealing materials such as 
0-rings for sealing the gases and the cooling water. 

BRIEF SUMMARY OF THE INVENTION 

[0016] It is an aspect of the present invention to pro- 
vide a polymer electrolyte fuel cell, in which one or more 
of above described problems has been at least partially 
solved. 

[001 7] More specifically, it is an aspect of the present 
invention to provide a polymer electrolyte fuel cell, in 
which an insulating plate between an end plate and a 
current collecting plate becomes unnecessary. 
[001 8] It is another aspect of the present invention to 
provide a polymer electrolyte fuel cell, in which the fuel 
cell is inexpensive and light in weight, and/or efficient in 
the utilization of thermal energy, and/or high in the cor- 
rosion resistance. 

[0019] A polymer electrolyte fuel cell according to the 
present invention comprises: a cell stack comprising 
plural electrically conductive separator plates and elec- 
trolyte membrane-electrode assemblies respectively 
sandwiched between neighboring ones of the separator 
plates, each of the electrolyte membrane-electrode as- 
semblies comprising a pair of electrodes and a polymer 
electrolyte membrane sandwiched between the pair of 
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electrodes; a pair of current collecting plates sandwich- 
ing the cell stack; a pair of end plates sandwiching the 
cell stack provided with the pair of current collecting 
plates; a tightening means for tightening the pair of end 
plates so as to apply a tightening pressure to the cell 
stack; gas supply and exhaustion means for supplying, 
to the cell stack, and exhausting, from the cell stack, an 
oxidant gas and a fuel gas, the gas supply and exhaus- 
tion means comprising an oxidant gas inlet, an oxidant 
gas outlet, a fuel gas inlet and a fuel gas outlet, and also 
comprising an oxidant gas flow channel for connecting 
the oxidant gas inlet and the oxidant gas outlet and a 
fuel gas flow channel for connecting the fuel gas inlet 
and the fuel gas outlet, wherein each of the pair of end 
plates is made of electrically insulating resin-dominant 
material comprising resin as a main ingredient. The term 
"resin-dominant material" used herein means a material 
having resin as a main ingredient, which may contain a 
filler or reinforcing material such as glass fiber and ce- 
ramic powder in case of need. 
[0020] According to polymer electrolyte fuel cell of the 
present invention, the end plates are made of a resin- 
dominant material in place of a conventional metal ma- 
terial, so that the cost and weight of the fuel cell can be 
very much reduced, because e.g. conventionally need- 
ed insulating plates can be omitted. Further, since the 
resin-dominant material is slower in its heat radiation 
than metal materials, so that it is superior in utilizing 
thermal energy. Further, since it becomes possible to 
remove, in the fuel cell, portions where the gases and 
the cooling water contact metal materials, so that the 
corrosion resistance of the fuel cell can be very much 
improved. 

[0021] The end plates are each preferred to comprise 
an injection-molded body made of the resin-dominant 
material. 

[0022] Each of the current collecting plates and each 
of the end plates are preferred to constitute an integrally 
molded body, wherein the current collecting plate is fit- 
tedly embedded in the end plate. 
[0023] Each of the gas inlets and the gas outlets is 
preferred to have a shape of cylinder, and to be struc- 
tured to protrude from a main surface of each of the end 
plates. 

[0024] Alternatively, each of the gas inlets and the gas 
outlets is preferred to have a shape of cylinder, and to 
be structured to protrude from an end surface of each 
of the end plates. 

[0025] The resin-dominant material of the end plates 
is preferred to contain a reinforcing material such as 
glass fiber, and the resin of the resin-dominant material 
is preferred to be selected from polyphenylene sulfide, 
liquid crystal polymer and polysulfone. 
[0026] The tightening pressure by the tightening 
means is preferred to be from 1 .5 to 5.0 kgf/cm^ per unit 
area. 

[0027] Each of the end plates is preferred to further 
have a reinforcing member provided on an outer main 



surface thereof. 

[0028] While the novel features of the present inven- 
tion are set forth particularly in the appended claims, the 
present invention, both as to organization and content, 
5 will be better understood and appreciated, along with 
other objects and features thereof, from the following 
detailed description taken in conjunction with the draw- 
ings. 

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0029] FIG. 1 is a front view, partially in cross-section, 
of a conventional fuel cell, schematically showing the 
15 Structure thereof. 

[0030] FIG. 2 is a front view, partially in cross-section, 
of a fuel cell according to an example of the present in- 
vention, schematically showing the structure thereof. 
[0031] FIG. 3 is a front view, partially in cross-section, 
20 . of a fuel cell, which has a reinforcing plate added to the 
fuel ceil according to the example of FIG. 2, schemati- 
cally showing the structure thereof. 
[0032] FIG. 4 to FIG. 9 are respectively front views, 
each partially in cross-section, of parts of fuel cells ac- 
25 cording to other examples of the present invention, 
schematically showing the structures thereof. 
[0033] FIG. 1 0 is a cross-sectional view of an electro- 
lyte membrane-electrode assembly (MEA) used for the 
examples of the present invention, schematically show- 
30 ing the structure thereof. 

[0034] FIG. 11 is a top plan view of a separator plate 
used for the examples of the present invention, sche- 
matically showing the top surface thereof. 
[0035] FIG. 1 2 is a bottom view of the separator plate 
35 used for the examples of the present invention, sche- 
matically showing the bottom surface thereof. 
[0036] FIG. 13 is a top plan view of a cooling water 
flow plate used for the examples of the present inven- 
tion, schematically showing the top surface thereof. 
40 [0037] FIG. 14 is a top plan view of an arrangement 
in which an MEA comprising a polymer electrolyte mem- 
brane having electrodes formed thereon is placed on a 
top surface of a separator plate as shown in FIG. 11, 
schematically showing a structure thereof. 
45 [0038] FIG. 1 5 is a perspective view, partially in cross- 
section, of an integrally molded body of an end plate and 
a current collecting plate as shown in an example of the 
present invention. 

[0039] FIG. 16 is a graph showing aging characteris- 
50 tics of a fuel cell according to an example of the present 
invention, showing the relation between aging time 
starting from a continuous power generation test and 
cell voltages of the fuel cell. 



[0040] A feature of a polymer electrolyte fuel cell ac- 
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cording to the present invention is in that end plates 
thereof are made of a resin-dominant material, namely 
a material having a resin as a main ingredient. Conven- 
tionally a cutting work is necessary for making an end 
plate, which is made of a metal plate such as stainless 
steel. In contrast thereto, by using a resin-dominant ma- 
terial for the end plate, the end plate can be formed by 
e.g. injection molding, and very much cost reduction and 
light weight thereof can be achieved. The use of a resin 
for the end plates also allows the thermal capacity of the 
total fuel cell stack to decrease, thereby to very much 
reduce the time period necessary for raising the temper- 
ature of the fuel cell to a given temperature to start the 
power generation thereof. Furthermore, the use of a res- 
in for the end plates has been found to be able to sup- 
press heat radiation from the end portions of the fuel 
cell, whereby the heat generated by the fuel cell can ef- 
fectively be used without necessitating the use of a heat 
insulating material. 

[0041 ] In order to provide an appropriate inlet or outlet 
at an end plate, if it is made of a metal material such as 
stainless steel, it is necessary either to weld a tube- 
shaped metal material to the end plate, or to provide e. 
g. a screw hole at the end plate and fittedly join a piping 
part to the screw hole. In contrast thereto, the use of a 
resin material for the end plates makes it possible to 
form such inlets and outlets for the gases and the cool- 
ing water integrally with the end plates by e.g. injection- 
molding the resin. Further, by the use of the resin ma- 
terial for the end plates, it becomes possible to prevent 
the supplied gases and the cooling water from contact- 
ing metal materials such as of conventional end plates 
and of the inlets and outlets for the gases and the cooling 
water, whereby the supplied gases and cooling water 
can be prevented from receiving metal ions to be other- 
wise mixed therein. 

[0042] Further, by omitting the insulating plates and 
insert-molding the current collecting plates in the end 
plates, sealing materials such as O-rings, which are 
needed for sealing among the end plates, the insulating 
plates and the current collecting plates, can be omitted, 
whereby man-hours for assembly processes can be 
very much reduced. In the case of insert-molding a cur- 
rent collecting plate in an end plate, the resin material 
for the end plate is preferred to be so molded that a part 
thereof extends in a cylindrical shape to cover and fit- 
tedly join the inside surfaces of the holes of the current 
collecting plates, and that cylindrical-shaped resin ma- 
terial portion serves as a manifold hole for the current 
collecting plate. Thereby, the supplied gases and cool- 
ing water can be prevented from contacting the current 
collecting plate, namely that the current collecting plate 
can be isolated from the gases and the cooling water. 
The isolation of the current collecting plates not only pre- 
vents metal ions from mixing in the supplied gases and 
cooling water, which otherwise occur when the gases 
and cooling water contact metal materials. The isolation 
of the current collecting plates also have an effect to pre- 



vent themselves from suffering serious corrosions, 
which otherwise occur if the gases, ordinarily humidi- 
fied, or the cooling water contacts the current collecting 
plates and ifthey are electrically conductive, even slight- 
5 ly, because the cell voltage is applied to the current col- 
lecting plates. 

[0043] Hereinafter, examples ofstructures of fuel cells 
according to the present invention will be described with 
reference to FIG. 2 to FIG. 9. Among them, FIGs. 2, 4, 

10 6 and 7 will be described later in more detail, but are 
also described here briefly. It is to be noted that, among 
them, FIG. 2 and FIG. 3 as well as FIG. 4 to FIG. 9 are 
each front view at a lower half thereof and mainly cross- 
sectional view at an upper half hereof as in FIG. 1 , and 

15 that the latter six drawings FIG. 4 to FIG. 9 furthermore 
are each partial view, showing a left portion thereof, for 
the sake of simpler drawing and description. Moreover, 
for further simplifying the drawings, obvious elements 
such as tightening bolts are not wholly shown with re- 

20 spect to e.g. their rod portions penetrating the cell stack. 
[0044] One of the features common to those exam- 
ples as shown by the eight drawings FIG. 2 to FIG. 9 is 
in that 0-ring-like gas sealing members (214, 215; 314, 
315; 414, 415; 514, 515; 614, 615; 714, 715), each hav- 

25 ing a circular or ellipsoidal cross-section and being 
made of a specified material, are bonded to opposing 
surfaces of neighboring separator plates (222, 220; 322, 
320; 422, 420; 522, 520; 622, 620; 722. 720) and the 
top and rear main surfaces of each polymer electrolyte 

30 membrane (211, 311, 411, 511, 611, 711) of each MEA 
(210, 310, 410, 510. 610. 710) at places close to the 
periphery of end portion of each electrode and of each 
manifold hoPe (201 . 301 . 401 . 501 . 601 , 701 ) to encircle 
the electrodes and the manifold holes, thereby to con- 

35 stitute gaskets (250, 350, 450, 550, 650, 750). Owing to 
such structure, opposing sealing members, placed at 
opposing surfaces of neighboring separator plates, 
sandwich therebetween the polymer electrolyte mem- 
brane at certain places, and are indirectly pressed to 

40 each other through the polymer electrolyte membrane. 
At other certain places, opposing sealing members are 
directly pressed to each other without the polymer elec- 
trolyte membrane therebetween. Further, at still other 
certain places, a sealing member opposes later de- 

45 scribed auxiliary rib portions provided in a gas commu- 
nication groove or gas flow channel of a separator plate 
to which the sealing member opposes, wherein the seal- 
ing member and the opposing auxiliary rib portions 
sandwich therebetween the polymer electrolyte mem- 

50 brane, so that the sealing member is indirectly pressed 
to the auxiliary rib portions through the polymer electro- 
lyte membrane. The term of "O-ring-like" in the "0-ring- 
like" sealing member is used herein to express that the 
sealing member has a ring or loop shape corresponding 

55 to the shapes of portions to be encircled and sealed 
thereby, and that the sealing member has a cross-sec- 
tion of circle or ellipse. 

[0045] FIG. 11 to FIG. 14 are plan views of separators, 
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more specifically showing how such 0-ring-like gas 
sealing members are arranged at respective places. Re- 
ferring to those drawings, reference numerals 914a to 
914e. 91 5a to 91 5e, 916a to 916e and 917a to 91 7g are 
such gas sealing members. Because of the use of such 5 
gas sealing members, the tightening pressure neces- 
sary to seal the gasket portions can be decreased to its 
extremity, and most of the tightening pressure can be 
concentrated onto the electrode portions which are in- 
dispensable for decreasing the contact resistances be- 
tween the electrodes and the electrically conductive 
separators. It is preferred that the tightening pressure 
to be applied to the cell stack be decreased in above 
described manner in order to use a resin material for the 
end plates. 

[0046] For reference, according to a conventional 
manner of forming gaskets, a sheet-form or plate-form 
gas sealing material is cut to e.g. square rings each hav- 
ing a square frame shape as defined by a larger square 
and a smaller square, and the square rings are bonded 
to respective necessary places on the MEAs and the 
separator plates, wherein each of opposing pairs of 
sealing members are pressed to each other, either di- 
rectly or indirectly with a polymer electrolyte membrane 
therebetween. According to such conventional manner, 
the contact surface area of each such gas sealing mem- 
ber with the polymer electrolyte membrane or the sep- 
arator plate becomes so large that a sufficient gas seal- 
ing cannot be achieved without a very large tightening 
pressure to the cell stack. 

[0047] Now referring to FIG. 3, the structure of a fuel 
cell shown therein is basically the same as that shown 
in FIG. 2, but further has reinforcing bodies or plates 
290a, 290b on outer main surfaces of end plates 204a, 
204b for reinforcing the end plates. 
[0048] FIG. 4 shows an example of a fuel cell, wherein 
a gas inlet 302 (or outlet) is integrally formed with an 
end plate 304 as a part of the end plate 304 by e.g. in- 
jection-molding of the end plate material, and the end 
plate 304 is Integrally formed with a current collecting 
plate 306 by firstly inserting the current collecting plate 
of e.g. brass in a mold, and secondly injection-molding 
a resin-domlnant material for end plate in the mold, 
namely by insert-molding the current collecting plate in 
the end plate. With respect to the structure more specif- 
ically, the current collecting plate Is inserted in the end 
plate, and the inside surface of the hole of the current 
collecting, to be a manifold hole, is fittedly joined and 
covered with a portion 304C of the end plate material 
having a cylindrical shape, whereby the cylinder-shaped 
portion 304C of the end plate material serves as a man- 
ifold hole 301 for the current collecting plate. The cylin- 
der-shaped portion 304C of the end plate is provided 
with a groove for an 0-rlng, and the groove Is provided 
with an 0-ring 308 for performing gas sealing between 
the end plate 304 and a separator plate 322 so as to 
prevent the supplied gases and cooling water from con- 
tacting the current collecting plate 306. 



[0049] FIG. 5 shows a structure similar to that of FIG. 
4, except that a reinforcing body or plate 390 is further 
provided on an outer main surface of the end plate 304. 
[0050] FIG. 6 shows a structure in which a cylinder- 
shaped portion of the end plate 404 is further extended 
to form a cylinder-shaped portion 494 to protrude Into 
and fittedly cover the Inside surface of a hole of a sep- 
arator plate 422, so that the cylinder-shaped portion 494 
serves as manifold hole for the separator plate 422. The 
separator plate 422 is provided with a groove for an O- 
ring at an end thereof contacting the cylinder-shaped 
portion 494 of the end plate 404, and the groove is pro- 
vided with an O-ring 408 for performing gas sealing so 
as to prevent the supplied gases and cooling water from 
contacting the current collecting plate 406. 
[0051] FIG. 7 shows a structure similar to that of FIG, 
4, except that a gas inlet 502 (or outlet) Is provided at 
an end surface of an end plate 504, and that a reinforc- 
ing body or plate 590 is further provided on an outer 
main surface of the end plate 504. The structure of FIG. 
7 is similar to that of FIG. 4 in e.g. that an MEA 51 0 is 
sandwiched by separator plates 522 and 520, that the 
sealing between the end plate 504 and the separator 
plate 522 is done by an O-ring 508, and that a current 
collecting plate 506 is isolated from a manifold hole 501 
by a portion 504C of the end plate 504. 
[0052] FIG. 8 shows a structure similar to that of FIG. 

7, except that here a reinforcing body or plate 590 is 
omitted. 

[0053] FIG. 9 shows a structure similar to that of FIG. 

8, except that here a gas Inlet 702 (or outlet) is not inte- 
grally formed as a part of an end plate 704 by e.g. Injec- 
tion-molding of the end plate, butthatinstead a coupling 
such as Swagelok (product of Swagelok Company), as 
shown, is fittedly engaged with an end opening or man- 
ifold hole of the end plate 704. The structure of FIG. 9 
is similar to that of FIG. 8 in e.g. that an MEA 710 is 
sandwiched by separator plates 722 and 720, that the 
sealing between the end plate 704 and the separator 
plate 722 Is done by an O-ring 708, and that a current 
collecting plate 706 is isolated from a manifold hole 701 
by a portion 704C of the end plate 704. 

[0054] Regarding the resin-dominant materials, they 
are to be resin materials with or without fillers or rein- 
forcing materials such as glass fiber and ceramics, but 
they are to be basically of resin materials. Examples of 
preferable resin materials therefor are polypropylene 
(PP), nylon resin, polyacetal (POM), polycarbonate 
(PC), modified polyphenylether (modified PPE), poly- 
butylene terephthalate (PBT), polyethylene terephtha- 
late (PET), ultrahigh molecular weight polyethylene 
(UHPE), polymethylpentene (TPX), syndlotactic poly- 
styrene (SPS), polysulfone (PSF), polyethersulfone 
(PES), polyphthalamide (PPA), polyphenylene sulfide 
(PPS), polycyclohexylene dimethylene terephthalate 
(PCT), polyarylate (PAR), polyetherimide (PEI), poly- 
ether ether ketone (PEEK), polylmide (PI), fluorocarbon 
resin, silicone resin and liquid crystal polymer (LCP). 
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[0055] Among those resins, polysulfone (PSF), 
polyphenylene sulfide (PPS) and liquid crystal polymer 
(LCP) are more preferable. With respect to liquid crystal 
polymers, those having 1 -type structures are preferable, 
such as Sumikasuper (product of Sumitomo Chemical 5 
Company, Limited), Zenite (product of DuPont Compa- 
ny), Xydar (product of Nippon Oil Company, Ltd.) and 
Octa (product of Dainippon Ink And Chemicals, Inc.)- 
[0056] Hereafter, examples having embodied the 
present invention will be described in detail in the fol- 
lowing Examples together with some Comparative Ex- 
amples for comparison. 

EXAMPLE 1 

[0057] First of all, a method of making an electrode 
having a catalyst layer formed thereon will be described 
with reference to FIG. 10, which is a cross-sectional 
view of an electrolyte membrane-electrode assembly 
(MEA), showing the structure thereof. An acetylene 
black powder carrying 25 wt% of platinum particles hav- 
ing an average particle size of 30 A was prepared as a 
catalyst for electrodes. With a solution of isopropanol 
having this catalyst powder dispersed therein, an ethyl 
alcohol dispersion of a perfluorocarbon sulfonic acid 
powder represented was mixed, thereby to obtain a cat- 
alyst paste. 

[0058] Meanwhile, a carbon paper to be a supporting 
body for supporting an electrode was subjected to water 
repelling treatment. Carbon nonwoven fabrics 812a, 
813a (TGP-H-120: product of Toray Industries, Inc.) 
having an outer dimension of 8 cm X 1 0 cm and a thick- 
ness of 360 p,m was immersed in an aqueous dispersion 
(Neoflon ND1: product of Daikin Industries, Inc.) con- 
taining a fluorocarbon resin, and was dried, and then 
was heated at 400 °C for 30 minutes so as to give the 
water repellency. On one surface of each of these car- 
bon nonwoven fabrics 812a, 813a, the above catalyst 
paste was coated by using screen printing, thereby to 
form catalyst layers 812b, 813b. Here, a part of each 
catalyst layer 812b, 813b is buried in each carbon non- 
woven fabric 81 2a, 81 3a. The thus made catalyst layers 
812b, 813b and the carbon nonwoven fabrics 812a, 
813a integrally were electrodes 812, 813, respectively. 
Adjustment was made so that each of the thus made 
reactive electrodes contained 0.5 mg/cm^ of platinum, 
and 1.2 mg/cm^ of perfluorocarbon sulfonic acid. 
[0059] Thereafter, a pair of electrodes 812,813 were 
bonded, by hot pressing, on a front surface and a rear 
surface, respectively, of a proton conductive polymer 
electrolyte membrane 811 having an outer dimension of 
1 0 cm X 20 cm in a manner that the catalyst layers 81 2b, 
81 3b of the electrodes got in contact with the face of the 
electrolyte membrane 811 , thereby to obtain an electro- 
lyte membrane-electrode assembly (MEA) 810. The 
proton conductive polymer electrolyte membrane used 
here was made by using a perfluorocarbon sulfonic acid , 
and was formed to a thin film having a thickness of 50 



|i.m. 

[0060] Next, an electrically conductive separator plate 
as shown in FIG. 11 and FIG. 12 was made by cutting 
a dense and gas-impermeable glassy carbon plate. 
These FIGs. 11 and 12 are a top plan view and a bottom 
plan view of the separator plate, showing a top surface 
and a rear surface thereof. FIG. 11 particulariy shows 
configurationsof oxidant gas communication grooves or 
flow channel, and FIG. 12 particulariy shows configura- 
tions of fuel gas communication grooves or flow chan- 
nel. The separator plate has a dimension of 10 cm X 20 
cm, and a thickness of 4 mm. Grooves 918, 920 are 
each concave portion having a width of 2 mm and a 
depth of 1 .5 mm, through which the reactive gases com- 
municate respectively. On the other hand, rib portions 
919, 921 between the gas flow channels are each con- 
vex portion having a width of 1 mm and a height of 1 .5 
mm. Further, the separator has manifold holes (inlet 
923a, outlet 923b) for the oxidant gas, manifold holes 
(inlet 924b, outlet 924b), and manifold holes (inlet 925a, 
outlet 925b) formed therein. Furthermore, in the gas 
communication groove or gas flow channel close to the 
manifold holes, auxiliary rib portions 926a, 926b, 927a, 
927b are provided in order that the auxiliary rib portions 
and position-wise corresponding gas sealing members 
915a, 914a, later described, sandwich thererbetween 
the MEA, thereby to perform gas sealing in the vicinity 
of the manifold holes. 

[0061] FIG. 13 is a plan view of a separator plate, 
showing configurations of cooling water flow channel. 
The same carbon plate used for making the separator 
plate as shown in FIG. 11 and FIG. 12 was cut at one 
surface thereof to provide the configurations as shown 
in FIG. 13, while the opposite surface thereof was cut to 
provide the configurations as shown in either FIG. 11 or 
FIG. 12. Referring to FIG. 13, the sizes and the positions 
of manifold holes (inlet 931 a, outlet 931 b) for the cooling 
water were respectively made the same as those of the 
manifold holes 925a, 925b as shown in FIGs. 11 and 12. 
Also, the sizes and the positions of manifold holes 934a, 
934b, 935a, 935b for gas communications were respec- 
tively made the same as those of the manifold holes for 
the gas communications as shown in FIGs. 11 and 12. 
Reference numeral 932 designates a cooling water flow 
channel of a concave portion for the water flown in from 
the cooling water inlet 931 a to flow through, wherein the 
depth of the concave portion was 1.5 mm. Reference 
numeral 933 designates island portions having been left 
when the cooling water flow channel 932 was formed. 
Therefore, the top surface of each island portion 933 is 
positioned at the same level as the top surface of the 
separator plate. The cooling water is flown in from the 
inlet 931a, and is furcated by the island portions 933 so 
that it flows the whole area of the flow channel 932, and 
reaches the outlet 931b. 

[0062] Next, O-ring-like sealing members made of Vi- 
ton-GDL (product of DuPont Dow Elastomer Japan) for 
gaskets, were placed on opposing surfaces of separator 
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plates at places corresponding to a later provided proton 
conductive polymer electrolyte membrane of MEA in the 
vicinity of the periphery of the electrodes of the MEA, 
and at places close to the peripheries of gas communi- 
cation grooves, and further at places close to the man- 5 
ifold holes in a manner to encircle such later provided 
electrodes, gas communication grooves and manifold 
holes. This will be described with reference to the draw- 
ings. 

[0063] Referring to FIG. 11, in order to seal the gas 
communication groove or gas flow channel 918 and the 
manifold holes 923a, 923b, 924a, 924b, 925a, 925b for 
the gases and the cooling water, sealing members 914a 
to 91 4e were placed to encircle such gas flow channel 
and manifold holes. Referring to FIG. 12, in order to seal 
the gas communication groove or flow channel 920 and 
the manifold holes 923a, 923b, 924a, 924b, 925a. 925b 
for the gases and the cooling water, sealing members 
915a to 91 5e were placed to encircle such gas flow 
channel and manifold holes. Referring to FIG. 13, in or- 
der to seal the cooling water flow channel 932 and the 
manifold holes 934a, 934b, 935a. 935b, 931a, 931b for 
the gases and the cooling water, sealing members 916a 
to 91 6e were placed to encircle such gas flow channel 
and manifold holes. 

[0064] Next, as shown in FIG. 14, an MEA was placed 
on a top surface of separator plate as shown in FIG. 11 . 
Referring to FIG. 14, reference numeral 945 designates 
a proton conductive polymer electrolyte membrane, and 

944 designates one of the electrodes provided on the 
membrane, wherein the other electrode, which is in con- 
tact with the separator plate of FIG. 14 or FIG. 11 , is not 
seen, because such other electrode is positioned at a 
rear side of the shown electrode 944. On the MEA 944, 

945 shown in FIG. 14, a further separator plate having 
a rear surface as shown in FIG. 12 is stacked in such a 
manner that the rear surface of the further separator 
plate gets in contact with the MEA 944, 945 placed on 
the first separator plate shown in FIG. 14 or FIG. 11, 
whereby a unit cell was made. 

[0065] By stacking 50 of such unit cells, and by insert- 
ing therein, for every two stacked unit cells, a combina- 
tion of two separator plates for a cooling water unit as 
shown in FIG. 1 3, a cell stack for the present EXAMPLE 
was made. Thereby, necessary group of gaskets were 
formed by the group of sealing members as described 
above. That is, for example, a part of the gas sealing 
members 915b was caused to directly contact with a 
part of the position-wise corresponding gas sealing 
member 914a at a position to encircle the manifold hole 
923b. The gas sealing member 91 5d was caused to di- 
rectly contact with the gas sealing member 91 4d at a 
position to encircle the manifold hole 925b. At positions 
being close to the peripheries of the electrodes and en- 
circling the gas communication grooves or gas flow 
channels 920, 918, the polymer electrolyte membrane 
of the MEA, at certain portions thereof, was sandwiched 
between the gas sealing members 91 5a, 914a, and was 



also sandwiched, at certain other portions thereof, be- 
tween the gas sealing member 915a and the auxiliary 
rib portions 926b, 926a, and was further sandwiched, at 
still other certain portions thereof, between the rib por- 
tions 927b, 927a and the gas sealing member 914a. Ac- 
cordingly, when the cell stack was later fixed by tighten- 
ing rods to receive a tightening pressure, the above de- 
scribed mutually position-wise corresponding sealing 
members were indirectly pressed to each other with the 
polymer electrolyte membrane therebetween. Or else, 
the above described mutually position-wise correspond- 
ing sealing member and the auxiliary rib portions were 
indirectly pressed to each other with the polymer elec- 
trolyte membrane therebetween. Or at certain places, 
the above described mutually position-wise correspond- 
ing sealing members were directly pressed to each oth- 
er. Consequently, such sealing members by themselves 
at certain places, and such sealing members in combi- 
nation with the corresponding auxiliary rib portions at 
other certain places constituted gaskets having sealing 
function. 

[0066] On each of the both ends of the cell stack, a 
current collecting plate made of copper and having a 
plated gold layer on an outer surface thereof was 
stacked, and then an end plate having a thickness of 50 
mm and being made by injection-molding PPS rein- 
forced with 20 wt% of glass fiber added thereto was 
stacked on the current collecting plate. Finally, the cell 
stack with the current collecting plates and the end 
plates was tightened by tightening rods, thereby to ob- 
tain a fuel cell according to the present EXAMPLE. 
[0067] The structure of the thus made fuel cell accord- 
ing to the present EXAMPLE will be described below 
with reference to FIG. 2. 

[0068] Referring to FIG. 2, MEA 21 0 comprises a pol- 
ymer electrolyte membrane 211 and two electrodes, i.e. 
cathode 212 and anode 213, sandwiching the mem- 
brane 211 . At outer peripheries of the cathode and the 
anode, gaskets made of gas sealing members 214 and 
21 5 are respectively arranged so as to prevent the sup- 
plied fuel gas and oxidant gas from leaking to outside 
and from mixing with each other. These sealing mem- 
bers 214 and 215 are, as described above, O-ring-like 
sealing members made of Viton-GDL (product of Du- 
Pont Dow Elastomer Japan), each having a circular or 
ellipsoidal cross-section, which are placed on opposing 
surfaces of neighboring separator plates, and to the top 
and rear main surfaces of each polymer electrolyte 
membrane of each MEA at places close to the periphery 
of end portion of each electrode and of each manifold 
hole 201 to encircle the electrodes and the manifold 
holes, thereby to form gaskets constituted by such seal- 
ing members by themselves at certain places, and by 
such sealing members in combination with the corre- 
sponding auxiliary rib portions at certain other places as 
was already described beforehand. The above de- 
scribed specific sealing member (Viton-GDL) is an elas- 
tic body having a good elasticity, and enables sufficient 
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sealing with a minimum tightening pressure. 
[0069] A cathode side separator plate 222 placed at 
the leftmost end of the cell stack 21 6 has an oxidant gas 
flow channel 232, while an anode side separator plate 
221 placed at the rightmost end of the cell stack 21 6 has 5 
a fuel gas flow channel 231 . Each of separator plates 
220 placed among MEAs has an oxidant gas flow chan- 
nel 234 on a surface thereof facing the cathode, and also 
has a fuel gas flow channel 233 on a surface thereof 
facing the anode, so that each separator plate 220 func- 
tions both as a cathode side separator plate and an an- 
ode side separator plate. A cooling unit comprises a 
composite separator plate made by combining an anode 
side separator plate 223 and a cathode side separator 
plate 224. The cathode side separator plate 224 has an 
oxidant gas flow channel 236 on a surface thereof facing 
the cathode, and also has a cooling water flow channel 
238 on an opposite surface thereof. The anode side sep- 
arator plate 223 has a fuel gas flow channel on a surface 
thereof facing the anode, and also has a cooling water 20 
flow channel 237 on an opposite surface thereof. By 
joining the separator plates 223 and 224 in a manner 
that the cooling water flow channels thereof face each 
other, one composite cooling water flow channel or cool- 
ing unit is formed by the flow channels 237 and 238. 25 
[0070] Here, it is to be noted that although the fuel cell 
according to the present invention has a cell stack of 50 
stacked unit cell, only four unit cells are schematically 
shown In FIG. 2, as in FIG. 1 , for simplifying the drawing. 
[0071 ] On both ends of the cell stack 216, current col- 30 
lecting plates 206a, 206b, and end plates204a, 204b are 
respectively stacked in this order. They are tightened by 
bolts 270a, 270b penetrating therethrough and nuts 
271a, 271b, and are supplied with a tightening pressure 
by use of washers 273a, 273b. 35 
[0072] In this stacked fuel cell, the end plates, the in- 
sulating plates, the current collecting plates and the 
MEAs have common inlet side manifold holes and com- 
mon outlet side manifold holes. The reactive gases and 
the cooling water are supplied to the respective separa- 40 
tor plates through the inlet side manifold holes, and are 
exhausted through the outlet side manifold holes. FIG. 
2 shows an inlet side manifold hole 201 for oxidant gas, 
and also shows an inlet pipe 202a having an end thereof 
welded to an edge of the manifold hole 201. The oxidant 45 
gas introduced from the pipe 202a flows through the 
manifold holes provided at the current collecting plate 
and the inlet side manifold hole 201 of the cell stack 216 
(the manifold holes being collectively designated by ref- 
erence numeral 201 ), and flows into the oxidant gas flow 50 
channels of the respective cathode side separator 
plates for reaction, wherein an excessive oxidant gas 
and products produced by the reaction are exhausted 
out of an oxidant gas outlet pipe 202b provided at the 
other end plate through outlet side manifold holes. Sim- 55 
ilarly, the fuel gas is introduced into an introduction pipe 
203a welded to one end plate 204a, and flows through 
fuel gas inlet side manifold holes, fuel gas flow channels 



of the separators and outlet side manifold holes, and is 
then exhausted out of a fuel gas outlet pipe 203b. 
[0073] Further, for securing sealing among above de- 
scribed elements, they have grooves for receiving O- 
rings at peripheral portions around the manifold hole 
201 , whereby the 0-rings placed in the grooves function 
the sealing. In FIG. 2, O-rings 208a, 208b and 228 and 
those without reference numerals are shown. 
[0074] As evident from the foregoing descriptions, 
conventionally used insulating plates were not used in 
the present EXAMPLE. In the present EXAMPLE, the 
tightening pressure for tightening the cell stack by tight- 
ening the both end plates was selected to be 5.0 kgf/ 
cm2. Such a low tightening pressure was realized by the 
use of above described O-ring-like sealing members as 
gaskets. Namely, by sealing the gases using the O-ring- 
like sealing members made of the specific material, the 
necessary tightening pressure for the sealing could be 
minimized to its extremity, whereby most of the tighten- 
ing pressure could be concentrated onto the electrode 
portions, where the tightening is indispensable for re- 
ducing the contact resistances between the electrodes 
and the electrically conductive separator plates. There- 
by, the resultant tightening pressure could be reduced 
to about half of that needed for a conventional stacked 
fuel cell, and such minimum tightening pressure was 
found to be an important factor for realizing the use of 
end plates made of resin materials. 
[0075] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

[0076] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm2. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. Asa result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. The variation, with time, of the cell 
voltage as measured, i.e. aging characteristics, is 
shown in FIG. 16. 

EXAMPLE 2 

[0077] A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 
that described in EXAMPLE 1 , except that here the tight- 
ening pressure for tightening the both end plates was 
selected to be 3.0 kgf/cm^ in place of 5.0 kgf/cm2. 
[0078] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
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wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 5 
tained under non-load operation, which did not output 
electric current to outside. 

[0079] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. As a result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

EXAMPLE 3 

[0080] A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 
that described in EXAMPLE 1 , except that here the tight- 
ening pressure for tightening the both end plates was 
selected to be 2.0 kgf/cm^ in place of 5.0 kgf/cm^. 
[0081] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

[0082] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. As a result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

EXAMPLE 4 

[0083] A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 
that described in EXAMPLE 1 , except that here the tight- 
ening pressure for tightening the both end plates was 
selected to be 1 .5 kgf/cm^ In place of 5.0 kgf/cm^. 
[0084] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C. 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell- 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 



electric current to outside. 

[0085] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. Asa result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

COMPARATIVE EXAMPLE 1 

[0086] A polymer electrolyte fuel cell according to the 
present COMPARATIVE EXAMPLE was made in a 
manner the same as that described in EXAMPLE 1 , ex- 
cept that here the tightening pressure for tightening the 
both end plates was selected to be 1 .0 kgf/cm^ in place 
of 5.0 kgf/cm2. 

[0087] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 40 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

[0088] However, a power generation test could not be 
carried out, since it was found that gas leak from the fuel 
cell to outside already started. This was because the 
tightening pressure was too low to sufficiently perform 
gas sealing. 

[0089] Thus, the tightening pressure was gradually in- 
creased to confirm the correlation between the tighten- 
ing pressure and the gas leak. It was thereby confirmed 
that the gas leak stopped when the tightening pressure 
was increased up to 1 .5 kgf/cm^. 



[0090] A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 
that described in EXAMPLE 1, except that here the tight- 
ening pressure for tightening the both end plates was 
selected to be 6.0 kgf/cm^ in place of 5.0 kgf/cm^. 
[0091] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

[0092] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
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and an electric current density of 0.5 A/cm2. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. As a result, it was confirmed that the fuel 
cell according to the present EXAMPLE initially had a 
cell output of 1 .3 kW (33 V-40 A), but that the cell voltage 
started abruptly decreasing at 2,000 hours after the start 
of the continuous power generation test. At 2,500 hours, 
the power generation test could not be continued any 
longer. Causes therefor were studied, and it was found 
that gas leak from the fuel cell to outside started, since 
the end plates made of PPS resin started creeping and 
bending after such long period operation, because of the 
too high tightening pressure. 

COMPARATIVE EXAMPLE 3 

[0093J A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 
that described in EXAMPLE 1, except that here end 
plates each made of SUS 316 (stainless steel) having 
a thickness of 30 mm and formed by cutting work were 
used in place of the end plates used in EXAMPLE 1, 
and that the tightening pressure for tightening the both 
end plates was selected to be 10.0 kgf/cm^ in place of 
5.0 kgf/cm2. 

[0094] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

[0095] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. As a result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. In the case when the SUS plates 
were used for the end plates, it was confirmed that such 
a high tightening pressure as of 10.0 kgf/cm^ did not 
cause any problem, except that the total weight of the 
fuel cell was too high because of the 30 mm thick SUS 
plates. 

[0096] In the EXAMPLES 1 to 4 as described above, 
no reinforcing bodies or plates were used. So, effects of 
addition of such reinforcing bodies or plates were stud- 
ied here. This will be described in the following with ref- 
erence to FIG. 3. That is, four polymer electrolyte fuel 
cells for this study were respectively made in a manner 
the same as those described in EXAMPLES 1 to 4 with 
reference to FIG. 2, except that here the thickness of 
each of the end plates used in the EXAMPLES 1 to 4, i. 
e. 50 mm, was changed to 30 mm, and reinforcing plates 



290a, 290b were stacked on the outer main surfaces of 
the respective end plates. The characteristics of the thus 
made four fuel cells were measured under the same 
conditions as used for the measurements in EXAM- 
5 PLES 1 to 4. It was thereby confirmed that similar char- 
acteristics could be obtained with those four fuel cells 
with respect to both the open-circuit voltages under non- 
load operation and the variations, with time, of the output 
voltages thereof. 

10 

EXAMPLE 5 

[0097] A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 

15 that described in EXAMPLE 2, except that here the end 
plates were made by injection-molding a liquid crystal 
polymer (LCP) reinforced with 1 5 wt% of glass fiber add- 
ed thereto in place of PPS reinforced with 20 wt% of 
glass fiber added thereto. The LCP used here was Xy- 

20 dar (product of Nippon Oil Company, Ltd.). 

[0098] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 

25 air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

30 [0099] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 

35 was measured. Asa result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

40 EXAMPLE 6 

[0100] A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 
that described in EXAMPLE 2, except that here the end 

45 plates were made by injection-molding a liquid crystal 
polymer (LCP) reinforced with 20 wt% of glass fiber add- 
ed thereto in place of PPS reinforced with 20 wt% of 
glass fiber added thereto. The LCP used here was Zen- 
ite (product of DuPont Company). 

50 [0101] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 

55 78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 
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[0102] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 5 
was measured. As a result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

EXAMPLE 7 

[0103] A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 
that described in EXAMPLE 2, except that here the end 
plates were made by injection-molding a liquid crystal 
polymer (LCP) reinforced with 25 wt% of glass fiber add- 
ed thereto in place of PPS reinforced with 20 wt% of 
glass fiber added thereto. The LCP used here was 
Sumikasuper (product of Sumitomo Chemical Compa- 
ny, Limited). 

[01 04] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80''C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

[0105] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. As a result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

EXAMPLE 8 

[0106] A polymer electrolyte fuel cell according to the 
present EXAMPLE was made in a manner the same as 
that described in EXAMPLE 2, except that here the end 
plates were made by injection-molding a liquid crystal 
polymer (LCP) reinforced with 30 wt% of glass fiber add- 
ed thereto in place of PPS reinforced with 20 wt% of 
glass fiber added thereto. The LCP used here was Octa 
(product of Dainippon Ink And Chemicals, Inc.). 
[01 07] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 



electric current to outside. 

[0108] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. As a result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

EXAMPLE 9 

[0109] In the present EXAMPLE, electrolyte mem- 
brane-electrode assemblies (MEA) and electrically con- 
ductive separators were made in the same manner as 
described in EXAMPLE 1 , thereby to obtain a cell stack 
of 50 stacked cells as in EXAMPLE 1. Here, for making 
a fuel cell, a composite body of a current collecting plate 
and an end plate made by inserting the former in the 
latter was employed in place of the stack of the current 
collecting plate and the end plate as employed in EX- 
AMPLE 1 . More specifically, a current collecting plate 
made of SUS 304 stainless steel was prepared, and was 
cleaned at the surface thereof to remove the oxide film 
thereon, and then was plated with gold on the surface 
thereof. The thus prepared current collecting plate was 
inserted in a mold. Into the mold with the current collect- 
ing plate inserted therein, a PPS resin with 20 wt% of 
glass fiber for reinforcement was injection-molded, 
thereby to obtain the composite body of the current col- 
lecting plate and the end plate, which composite body 
had a thickness of 50 mm. 

[01 1 0] The structure of such fuel cell with the compos- 
ite body will be described in the following with reference 
to FIG. 4 and FIG. 15. 

[0111] FIG. 4 is a front view, partially in cross-section, 
of a part of fuel cell according to the present EXAMPLE, 
schematically showing a feature of the structure thereof. 
This fuel cell has the same structure as that of the fuel 
cell according to EXAMPLE 1 , except that here the pair 
of the current collecting plate and the end plate are in- 
tegrated into a composite body, and that the positions 
of the O-rings are different from those in EXAMPLE 1. 
An MEA 310 comprises two electrodes, i.e. cathode 31 2 
and anode 313, and a polymer electrolyte membrane 
311 sandwiched by the two electrodes. At outer periph- 
eries of the cathode and the anode, gaskets 350 made 
of gas sealing members 314 and 315 are respectively 
arranged so as to prevent the supplied fuel gas and ox- 
idant gas from leaking to outside and from mixing with 
each other. These sealing members 314 and 315 are, 
as described above, 0-ring-like sealing members made 
of Viton-GDL (product of DuPont Dow Elastomer Ja- 
pan), each having a circular or ellipsoidal cross-section, 
which are placed on opposing surfaces of neighboring 
separator plates, and to the top and rear main surfaces 
of each polymer electrolyte membrane of each MEA at 
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places close to the periphery of end portion of each elec- 
trode and of each manifold hole 301 to encircle the elec- 
trodes and the manifold holes, thereby to obtain gaskets 
constituted by such sealing members by themselves at 
certain places, and by such sealing members in combi- 5 
nation with the corresponding auxiliary rib portions at 
certain other places as was already described before- 
hand. The above described specific sealing member 
(Viton-GDL) is an elastic body having a good elasticity, 
and enables sufficient sealing with a minimum tighten- 
ing pressure. 

[0112] A combination of separator plates 322, 320 
and the MEA 310 sandwiched thereby constitutes one 
unit cell, and 50 of such unit cells are stacked together 
with cooling units inserted therein for every two unit 
cells, each cooling unit being a pair of separator plates 
for flowing therethrough a cooling water. Thereby, a cell 
stack as in EXAMPLE 1 was constituted in the present 
EXAMPLE, although not fully shown in FIG. 4. Also as 
in EXAMPLE 1 , oxidant gas flow channels, fuel gas flow 
channels and cooling water flow channels were provid- 
ed in the cell stack of the present EXAMPLE. 
[0113] On each of both ends of the cell stack, a pair 
of a current collecting plate and an end plate are provid- 
ed. However, in FIG. 4, only one pair of a current col- 
lecting plate 306 and an end plate 304 are shown. A 
tightening means 370 penetrating the cell stack and be- 
ing composed of a bolt, a nut and a washer is provided 
at each appropriate position of the unit cell for applying 
a necessary tightening pressure to the cell stack by 
tightening the both end plates, although FIG. 4 shows 
only a part of such tightening means and other ele- 
ments. 

[01 14] One of the features of the present EXAMPLE 
is in the structure of each end plate nearby a shown O- 
ring 308. That is, as shown in FIG. 4, the current collect- 
ing plate 306 is inserted in the end plate 306, and the 
inside surface of the hole of the current collecting, to be 
a manifold hole, is fittedly joined and covered with a por- 
tion 304C of the end plate material extended to have a 
cylindrical shape, whereby the cylinder-shaped resin 
material portion 304C of the end plate material serves 
as a manifold hole 301 for the current collecting plate 
306. Further, the cylinder-shaped portion 304C of the 
end plate is provided with a groove for an O-ring, and 
the groove is provided with an O-ring 308 for performing 
gas sealing between the end plate 304 and the separa- 
tor plate 322 so as to prevent the supplied gases and 
cooling water from contacting the current collecting 
plate 306. Furthermore, gas inlets 302, 303 (or outlets) 
are integrally formed with the end plate 304 as parts of 
the end plate 304 by e.g. injection-molding of the end 
plate material. 

[0115] In the present EXAMPLE, the tightening pres- 
sure by the tightening means was initially selected to be 
3.0 kgf/cm^, and then was increased to 5.0 kgf/cm^ for 
confirming the strength of the end plates. It was con- 
firmed thereby that the end plates here had sufficient 



strength for the both tightening pressures without having 
any problems as to the strength thereof. 
[01 1 6] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

[0117] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^, Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. Asa result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

[0118] After the operation for the period of 8,000 
hours, the amount of metal ions in the polymer electro- 
lyte membrane of the MEA was quantified. It was con- 
firmed thereby that quantities of iron, nickel and chromi- 
um considered to be attributed to the SUS material of 
the current collecting plates were respectively lower 
than detection limits, and thus that the above described 
structure was effective for corrosion resistances. This is 
because the resin material of the end plates extended 
into the inside surface of the hole, to be a manifold hole, 
of each current collecting plate according to the present 
EXAMPLE, so that the supplied gases and cooling water 
could be prevented from directly contacting the metal 
material of the current collecting plates. 
[0119] FIG. 5 shows a front view, partially in cross- 
section, of a part of a fuel cell made by modifying the 
fuel cell as shown in FIG. 4. According to the fuel cell as 
shown in FIG. 5, the composite body of each current 
collecting plate 306 and each end plate 304 had a thick- 
ness of 30 mm instead of 50 mm, and a reinforcing plate 
390 made of SUS stainless steel and having a thickness 
of 1 0 mm was stacked on the outer main surface of each 
end plate 304. It was confirmed that the thus made fuel 
cell as shown in FIG. 5 had similar characteristics as 
those of the fuel cell as shown in FIG. 4, and additionally 
had a higher resistance to the tightening pressure. 
[0120] FIG. 1 5 is a perspective view, partially in cross- 
section, of an integrally molded body of an end plate and 
a current collecting plate, showing an example modified 
from the example of such integrally molded body shown 
in FIG. 4. With reference to FIG. 15, reference numeral 
950 designates a current collecting plate inserted in an 
end plate 951 made of e.g. PPS with a reinforcing glass 
fiber opfionally. Reference numeral 952 designates 
manifold holes for the gases or the cooling water, and 
reference numeral 951a designates cylinder-shaped 
couplings made by injection-molding together with the 
end plate as inlets or outlets of the gases or the cooling 
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water. Thus, the integral body of the current collecting 
plate and end plate shown in FIG. 15 has such a struc- 
ture that the end plate has the current collecting plate 
inserted therein, and that the cylinder-shaped portions 
of the end plate isolate the current collecting plate from 5 
the gases and the cooling water. 

EXAMPLE 10 

[0121] In the present EXAMPLE, electrolyte mem- 
brane-electrode assemblies (MEA) and electrically con- 
ductive separators were made in the same manner as 
described in EXAMPLE 1 , thereby to obtain a cell stack 
of 50 stacked cells as in EXAMPLE 1 . Here, for making 
a fuel cell, a composite body of a current collecting plate 
and an end plate made by inserting the former in the 
latter was employed in place of the stack of the current 
collecting plate and the end plate as employed in EX- 
AMPLE 1. More specifically, a current collecting plate 
made of brass was prepared, and was inserted in a 
mold. Into the mold with the current collecting plate in- 
serted therein, a PPS resin with 20 wt% of glass fiber 
for reinforcement was injection-molded, thereby to ob- 
tain the composite body of the current collecting plate 
and the end plate, which composite body had a thick- 
ness of 50 mm. 

[01 22] The structure of such fuel cell will be described 
in the following with reference to FIG. 6. 
[0123] FIG. 6 is a front view, partially in cross-section, 
of a part of fuel cell according to the present EXAMPLE, 
schematically showing a feature of the structure thereof. 
This fuel cell has the same structure as that of the fuel 
cell according to EXAMPLE 1 , except that here the pair 
of the current collecting plate and the end plate are in- 
tegrated into a composite body, and that the positions 
of the 0-rings are different from those in EXAMPLE 1 . 
A pair of composite bodies, each being of the current 
collecting plate and the end plate, are respectively pro- 
vided at the both ends of the cell stack like other exam- 
ples, but here only one composite body of a current col- 
lecting plate 406 and an end plate 404 is shown here 
like other drawings. A tightening means 470 penetrating 
the cell stack and being composed of a bolt, a nut and 
a washer is provided at each appropriate position of the 
unit cell for applying a necessary tightening pressure to 
the cell stack by tightening the both end plates, although 
FIG. 6 shows only a part of such tightening means and 
other elements. Further, gas inlets 402, 403 (or outlets) 
are integrally formed with the end plate 404 as parts of 
the end plate 404 by e.g. Injection-molding of the end 
plate material. 

[0124] In the present EXAMPLE as well, as shown in 
FIG. 6, the current collecting plate 406 is inserted in the 
end plate 406, and the inside surface of the hole, to be 
a manifold hole, of the current collecting plate is fittedly 
joined and covered with a portion 404C of the end plate 
material extended to have a cylindrical shape, whereby 
the cylinder-shaped resin material portion 404C of the 



end plate material serves as a manifold hole 401 for the 
current collecting plate 406. 

[0125] One of the features of the present EXAMPLE 
is In the means of gas sealing as described in the fol- 
lowing. Referring to FIG. 6, a cylinder-shaped portion 
494 made of the end plate material and integral with a 
cylinder-shaped portion 404C of the end plate 404 is fur- 
ther extended to protrude into and fittedly cover the in- 
side surface of a hole, to be a manifold hole, of a sepa- 
rator plate 422 at a manifold 401 opposite to gas inlet 
402 (or outlet) integral with the end plate 404, so that 
the cylinder-shaped portion 494 serves as manifold hole 
for the separator plate 422. The separator plate 422 is 
provided with a groove for an 0-ring at an end thereof 
contacting the cylinder-shaped portion 494 of the end 
plate 404, and the groove is provided with an O-ring 408 
for performing sealing so as to prevent the supplied gas- 
es and cooling water from contacting the current collect- 
ing plate 406. 

[0126] Other structures or elements of the fuel cell ac- 
cording to the present EXAMPLE are same as those ac- 
cording to other EXAMPLES as described above. That 
is, for example, an MEA 410 comprises two electrodes, 
i.e. cathode 412 and anode 413, and a polymer electro- 
lyte membrane 411 sandwiched by the two electrodes. 
The MEA is sandwiched between separator plates 422, 
420, wherein the combination of separator plates 422, 
420 and the MEA 410 constitutes one unit cell, and 50 
of such unit cells are stacked together with cooling units 
inserted therein for every two unit cells, each cooling 
unit being a pair of separator plates for flowing there- 
through a cooling water. At outer peripheries of the cath- 
ode and the anode, gaskets 450 made of gas sealing 
members 414 and 415 are respectively arranged so as 
to prevent the supplied fuel gas and oxidant gas from 
leaking to outside and from mixing with each other. 
These sealing members 414 and 415 are, as described 
above, 0-ring-like sealing members made of Viton-GDL 
(product of DuPont Dow Elastomer Japan), each having 
a circular or ellipsoidal cross-section, which are placed 
on opposing surfaces of neighboring separator plates, 
and to the top and rear main surfaces of each polymer 
electrolyte membrane of each MEA at places close to 
the periphery of end portion of each electrode and of 
each manifold hole 401 to encircle the electrodes and 
the manifold holes, thereby to obtain gaskets constitut- 
ed by such sealing members by themselves at certain 
places, and by such sealing members in combination 
with the corresponding auxiliary rib portions at certain 
other places. The above described specific sealing 
member (Viton-GDL) is an elastic body having a good 
elasticity, and enables sufficient sealing with a minimum 
tightening pressure. 

[0127] Thereby, a cell stack as in EXAMPLE 1 was 
constituted in the present EXAMPLE, although not fully 
shown in FIG. 6. Also as in EXAMPLE 1 , oxidant gas 
flow channels, fuel gas flow channels and cooling water 
flow channels were provided in the cell stack of the 
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present EXAMPLE. 

[0128] In the present EXAMPLE, the tightening pres- 
sure by the tightening means was initially selected to be 
2.0 kgf/cm^, and then was increased to 3.0 kgf/cm^ for 
confirming the strength of the end plates. It was con- 5 
firmed thereby that the end plates here had sufficient 
strength for the both tightening pressures without having 
any problems as to the strength thereof. 
[0129] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, io 
wherein a hydrogen gas humidified and heated to have 
a dew point of 78°C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 
As a result thereof, open-circuit voltage of 50 V was ob- ^5 
tained under non-toad operation, which did not output 
electric current to outside. 

[0130] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 20 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. As a result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 25 
8,000 hours or more. 

[0131] After the operation for the period of 8,000 
hours, the amount of metal ions in the polymer electro- 
lyte membrane of the MEA was quantified. It was con- 
firmed thereby that quantities of cupper and other met- 30 
als considered to be attributed to the brass of the current 
collecting plates were respectively lower than detection 
limits, and thus that the above described structure was 
effective for corrosion resistances. This is because the 
resin material of the end plates extended into the Inside 35 
surface of the hole, to be a manifold hole, of each current 
collecting plate according to the present EXAMPLE, so 
that the supplied gases and cooling water could be pre- 
vented from directly contacting the metal material of the 
current collecting plates. ^0 

EXAMPLE 11 

[0132] In the present EXAMPLE, electrolyte mem- 
brane-electrode assemblies (MEA) and electrically con- 45 
ductive separators were made in the same manner as 
described in EXAMPLE 1 , thereby to obtain a cell stack 
of 50 stacked cells as in EXAMPLE 1 . Here, for making 
a fuel cell, a composite body of a current collecting plate 
and an end plate made by inserting the former In the 50 
latter was employed in place of the stack of the current 
collecting plate and the end plate as employed in EX- 
AMPLE 1 . More specifically, a current collecting plate 
made of brass was prepared, and was inserted in a 
mold. Into the mold with the current collecting plate in- 55 
serted therein, a PSF resin with 20 wt% of glass fiber 
for reinforcement was injection-molded, thereby to ob- 
tain the composite body of the current collecting plate 



and the end plate, which composite body had a thick- 
ness of 30 mm. On the outer surface of the end plate, a 
reinforcing plate having a thickness of 1 0 mm and made 
of SUS304 was stacked. 

[0133] The structure of such fuel cell will be described 
In the following with reference to FIG. 7. 
[01 34] FIG. 7 is a front view, partially in cross-section, 
of a part of fuel cell according to the present EXAMPLE, 
schematically showing a feature of the structure thereof. 
This fuel cell has the same structure as that of the fuel 
cell according to EXAMPLE 1 , except that here the pair 
of the current collecting plate and the end plate are in- 
tegrated into a composite body, that the positions of the 
O-rings are different from those in EXAMPLE 1 , and that 
the positions of gas inlets (outlets) are different from 
those as in EXAMPLE 1. 

[0135] A pair of composite bodies, each being of the 
current collecting plate and the end plate, are respec- 
tively provided at the both ends of the cell stack like other 
examples, but here only one composite body of a cur- 
rent collecting plate 506 and an end plate 504 is shown 
here like other drawings. Each of the end plates 504 is 
further provided with the reinforcing plate 590 on an out- 
er main surface thereof. A tightening means 570 pene- 
trating the cell stack and being composed of a bolt, a 
nut and a washer Is provided at each appropriate posi- 
tion of the unit cell for applying a necessary tightening 
pressure to the cell stack by tightening the both end 
plates through the reinforcing plates, although FIG. 7 
shows only a part of such tightening means and other 
elements. 

[0136] One of the features of the present EXAMPLE 
is In the position of the gas inlet (or outlet). Referring to 
FIG. 7, gas inlets 502, 503 (or outlets) are each provided 
at an end surface of each of the end plates 504, when 
the gas inlets 502, 503 (or outlets) are integrally formed 
with the end plate 504 as parts of the end plate 504 by 
e.g. injection-molding of the end plate material. Such po- 
sitions of the gas inlets and outlets at the end surfaces 
of the end plates give advantages to allow the resultant 
fuel cell to have higher strengths at the outer main sur- 
faces of the end plates, and to increase the degree of 
freedom in system designing for applying the fuel cells 
to various uses such as portable powder sources, power 
sources for electric vehicles and co-generation sys- 
tems. 

[0137] As to other structures, in the present EXAM- 
PLE as well, as shown in FIG. 7, each current collecting 
plate 506 is Inserted in each end plate 506, and the in- 
side surface of the hole, to be a manifold hole, of the 
current collecting plate is fitted ly joined and covered with 
a portion 504C of the end plate material extended to 
have a cylindrical shape, whereby the cylinder-shaped 
resin material portion 504C of the end plate material 
serves as a manifold hole 501 for the current collecting 
plate 506. The cylinder-shaped portion 504C of the end 
plate is provided with a groove for an O-rIng, and the 
groove is provided with an 0-ring 508 for performing gas 
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sealing between the end plate 504 and the separator 
plate 522 so as to prevent the supplied gases and cool- 
ing water from contacting the current collecting plate 
506. 

[0138] Other structures or elements of the fuel celiac- 5 
cording to the present EXAMPLE are same as those ac- 
cording to other EXAMPLES as described above. That 
is, for example, an MEA 510 comprises two electrodes, 
i.e. cathode 512 and anode 513, and a polymer electro- 
lyte membrane 511 sandwiched by the two electrodes. 
The MEA is sandwiched between separator plates 522, 
520, wherein the combination of separator plates 522, 
520 and the MEA 510 constitutes one unit cell, and 50 
of such unit cells are stacked together with cooling units 
inserted therein for every two unit cells, each cooling 
unit being a pair of separator plates for flowing there- 
through a cooling water. At outer peripheries of the cath- 
ode and the anode, gaskets 550 made of gas sealing 
members 514 and 515 are respectively arranged so as 
to prevent the supplied fuel gas and oxidant gas from 
leaking to outside and from mixing with each other. 
These sealing members 514 and 51 5 are, as described 
above, O-ring-like seating members madeof Viton-GDL 
(product of DuPont Dow Elastomer Japan), each having 
a circular or ellipsoidal cross-section, which are placed 
on opposing surfaces of neighboring separator plates, 
and to the top and rear main surfaces of each polymer 
electrolyte membrane of each MEA at places close to 
the periphery of end portion of each electrode and of 
each manifold hole 501 to encircle the electrodes and 
the manifold holes, thereby to obtain gaskets constitut- 
ed by such sealing members by themselves at certain 
places, and by such sealing members in combination 
with the corresponding auxiliary rib portions at certain 
places as was already described beforehand. The 
above described specific sealing member (Viton-GDL) 
is an elastic body having a good elasticity, and enables 
sufficient sealing with a minimum tightening pressure. 
[0139] Thereby, a cell stack as in EXAMPLE 1 was 
constituted in the present EXAMPLE, although not fully 
shown in FIG. 7. Also as in EXAMPLE 1, oxidant gas 
flow channels, fuel gas flow channels and cooling water 
flow channels were provided in the cell stack of the 
present EXAMPLE. 

[0140] In the present EXAMPLE, the tightening pres- 
sure by the tightening means was initially selected to be 
3.0 kgf/cm^, and then was increased to 5.0 kgf/cm^ for 
confirming the strength of the end plates. It was con- 
firmed thereby that the end plates together with the re- 
inforcing plates here had sufficient strength for the both 
tightening pressures without having any problems as to 
the strength thereof. 

[0141] The thus made polymer electrolyte fuel cell ac- 
cording to the present EXAMPLE was kept at 80°C, 
wherein a hydrogen gas humidified and heated to have 
a dew point of JQ^C was supplied to the anode side, and 
air humidified and heated to have a dew point also of 
78°C was supplied to the cathode side of the fuel cell. 



As a result thereof, open-circuit voltage of 50 V was ob- 
tained under non-load operation, which did not output 
electric current to outside. 

[0142] This fuel cell was then subjected to a continu- 
ous power generation test under the conditions of a fuel 
utilization rate of 80%, an oxygen utilization rate of 40% 
and an electric current density of 0.5 A/cm^. Then the 
variation, with time, of the output voltage of the fuel cell 
was measured. Asa result, it was confirmed that the fuel 
cell according to the present EXAMPLE maintained a 
cell output of 1 .3 kW (33 V-40 A) or more for a period of 
8,000 hours or more. 

[0143] After the operation for the period of 8,000 
hours, the amount of metal ions in the polymer electro- 
lyte membrane of the MEA was quantified. It was con- 
firmed thereby that quantities of cupper and other met- 
als considered to be attributed to the brass of the current 
collecting plates were respectively lower than detection 
limits, and thus that the above described structure was 
effective for corrosion resistances. This is because the 
resin material of the end plates extended into the inside 
surface of the hole, to be a manifold hole, of each current 
collecting plate according to the present EXAMPLE, so 
that the supplied gases and cooling water could be pre- 
vented from directly contacting the metal material of the 
current collecting plates. 

[0144] FIG. 8 shows an example the same as that of 
FIG. 7, except that in FIG. 8, the reinforcing plates 590 
as shown in FIG. 7 are omitted, and the thickness of 
each of end plates 604 was 50 mm in place of 30 mm. 
The other elements shown in FIG. 8 with reference nu- 
merals of the six hundreds such as 601 are equivalent 
to the elements in FIG. 7 with the corresponding refer- 
ence numerals of the five hundreds such as 701 . Lastly, 
FIG. 9 shows an example the same as that of FIG. 8, 
except that in FIG. 9, the gas inlets and outlets 702, 703 
are not integrally formed as parts of end plates 704 by 
e.g. injection-molding of the end plate, but that instead 
a coupling such as Swagelok (product of Swagelok 
Company), as shown, is fittedly engaged with each of 
end openings or manifold holes of the end plates 704. 
Both the examples shown in FIGs. 8 and 9 were con- 
firmed to have similar and operable characteristics as 
those of the other EXAMPLES. 
[0145] As evident from the foregoing descriptions, ac- 
cording to the present invention, conventional insulating 
plates can be omitted by e.g. the use of resin-dominant 
end plates in place of conventional metal end plates, 
and more preferably by making the end plates with in- 
jection-molding. Because of the omission of the insulat- 
ing plates and other elements, the cost of the fuel cell 
according to the present invention can be very much re- 
duced. Furthermore, since the use of the resin-dominant 
material for the end plates allows the fuel cell to have 
such a structure that the supplied gases and cooling wa- 
ter do not contact metal materials, the corrosion resist- 
ance of the fuel cell can be very much improves. 
[0146] Although the present invention has been de- 



15 



20 



25 



30 



35 



40 



45 



50 



16 



31 



EP 1 291 951 A2 



32 



scribed in terms of the presently preferred embodi- 
ments, it is to be understood that such disclosure is not 
to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. Accordingly, it 
is intended that the appended claims be interpreted as 
covering all alterations and modifications as fall within 
the true spirit and scope of the invention. The dependent 
claims, or features therefrom, may be combined togeth- 
er in combinations other than those laid out in the appli- 
cation as filed. 



Claims 

1. A polymer electrolyte fuel cell comprising: a cell 
stack comprising plural electrically conductive sep- 
arator plates and electrolyte membrane-electrode 
assemblies respectively sandwiched between 
neighboring ones of said separator plates, each of 
said electrolyte membrane-electrode assemblies 
comprising a pair of electrodes and a polymer elec- 
trolyte membrane sandwiched between said pair of 
electrodes; a pair of current collecting plates sand- 
wiching said cell stack; a pair of end plates sand- 
wiching said cell stack provided with said pair of cur- 
rent collecting plates; a tightening means for tight- 
ening said pair of end plates so as to apply a tight- 
ening pressure to said cell stack; gas supply and 
exhaustion means for supplying, to said cell stack, 
and exhausting, from said cell stack, an oxidant gas 
and a fuel gas, said gas supply and exhaustion 
means comprising an oxidant gas inlet, an oxidant 
gas outlet, a fuel gas inlet and a fuel gas outlet, and 
also comprising an oxidant gas flow channel for 
connecting said oxidant gas inlet and said oxidant 
gas outlet and a fuel gas flow channel for connect- 
ing said fuel gas inlet and said fuel gas outlet, 
wherein each of said pair of end plates is made of 
an electrically insulating resin-dominant material 
comprising resin as a main ingredient. 

2. The polymer electrolyte fuel cell according to claim 
1 , wherein each of said end plates comprises an 
injection-molded body made of said resin-dominant 
material. 

3. The polymer electrolyte fuel cell according to claim 
1 , wherein each of said current collecting plates and 
each of said end plates constitute an integrally 
molded body, wherein each of said current collect- 
ing plates is fittedly embedded in each of said end 
plates. 

4. The polymer electrolyte fuel cell according to claim 
1 , wherein each of said gas inlets and said gas out- 
lets has a shape of cylinder, and is structured to pro- 



trude from a main surface of each of said end plates. 

5. The polymer electrolyte fuel cell according to claim 
1 , wherein each of said gas inlets and said gas out- 

5 lets has a shape of cylinder, and Is structured to pro- 
trude from an end surface of each of said end 
plates. 

6. The polymer electrolyte fuel cell according to claim 
10 1 , wherein said resin-dominant material of said end 

plates contains a reinforcing material, and said res- 
in of said resin-dominant material is selected from 
polyphenylene sulfide, liquid crystal polymer and 
polysulfone. 

15 

7. The polymer electrolyte fuel cell according to claim 
1 , wherein said tightening pressure by said tighten- 
ing means is from 1 .5 to 5.0 kgf/cm2 per unit area. 

20 8. The polymer electrolyte fuel cell according to claim 
1 , wherein each of said end plates further has a re- 
inforcing member provided on an outer main sur- 
face thereof. 
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FIG. 3 
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FIG. 4 
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